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The Present Value of Future Earnings:
Contemporaneous Differentials

and the Performanoe
of Dedloated Portfolios

William R. Bryan, Thomas Gnica and Charles M. Linke

Abstract
Recent articles in this Joumat provide evidence that the present value of a stream of

future earnings can be estimated with reasonable certainty. Such certainty emerges by
virtue of the predictable covariance between the realized rates of growth of workers'
earnings and interest rates reflecting the time value of money.

This artide presoits an investigation of the predictive power of the contemporaneous
diffRcntial, or the differential b^weoj interest rates and the rate of growth in wages at
the time the presoit value estiniate is made. The question investigated is whetter the
contemporaneous differential has a meaningful effect on the realized diffovntial (that
is, the differoitial between the actual investment yield achieved and the actual rate of
growth in w^es during the subsequent loss period). Eniqjirical results of tte study show
that the cont«nporaneous differential does iK>t have a meaningful impaa on the
realized differential.

Anderson and Roberts (A-R) (1%9) offer evidence regarding the estimation
of tbe present value of a worker's stream of future earnings. A-R addressed
the issue of identifyii^ the appropriate differential between the rate (r) at
which the earnings str«un should be discoimted and tt^ rate of growth (g) of
that earnings stream. Th^ concluded " . . . that a benchmark after-tax net
discount rate [i.e., (r-g)] of -0.5 percent would be aj^ropdate for assessing
awards for lost earnings for most caaes." (p. 64).
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HKnoas OnKa is Asastant Professor of Marketing at the Univcrrity of MaMiKAaietts. Obaiies M.
lioke is IBS Profe»or of Fouuce at ^ U B i v a ^ of Ufiaob (atampaign-Urfaana).
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Bryan and Linke (B-L) (1988) reached a similar conclusion. Specifically,
B-L investigated the use of portfolios of alternative composition, but with
each dedicated to the replacement of an earnings stream. The earnings streams
to te replaced were of varying duration over the 1953 through 1984 period.
Each of these special-purpose portfolios is referred to as a dedicated
portfolio. It turned out that dedicated portfolios consisting of U.S. Treasury
securities of one-year constant maturity constituted the least cost means of
providing for future earnings streams. The averages of the ex post or realized
yields on dedicated portfolios and t te ex post rates of growth in wages were
approximately the same.

The atypical differentials between interest rates and wage growth rates
during the 1981 through 1988 period have raised questions regarding the
robustness of A-R's and B-L's evidence that the appropriate differential is
approximately zero. At first blush, it may seem plausible for litigants, juries
and judges to review and compare recent data relating to the differential
between interest rates and wages growth rates. We refer to such data as
contemporaneous; that is, year-by-year, actual interest rates and actual rates
of growth in wages as they move through time.

The focus of this article is on a narrow, but timely, issue: namely, does
information regarding interest rates and rates of growth in wages just prior to
a loss period provide useful information regarding the present value of the
future stream of wages during the loss period? The answer to this question is
especially important during periods when the contemporaneous differential
differs markedly from zero.'

Tiie Model

In this section there is a discussion of the adjustment of the economy to
discrepancies between the actual levei of interest rates and rates of growth in
wages. Within the context of such adjustments, a model is presented of the
impact of contemporaneous differentials on the relation between returns on
dedicated portfolios and growth rates in wages.

Contemporaneous Interest Rates and Wages Growth

It is conunon to define the nominal rate of interest (r) as the sum of the
expected real rate (i) and an inflation premium (p).^ Similvly, the rate of
growth in vi^es (g) may te defined as t te sum of t t e rate of growth in the
marginal productivity of labor (Q, and the rate of change in the general price
level (p). T te differential between i and t depends upon an economic
relatiomhip between the real rate of interest and the productivity of labor.

'As pointed out in 'Btyva and Uike (1^8), the focus of the literature rdating to the
•neKuremait of pecuniary k»s in lawsuits has been on the contemporaneous rciationships b^ween
tbe growth in wa^s and rates of itxam on altonative inwstnKnt media (i.e., r,-g,) .

^Utt «»niial rate eX 'silttsreA asaetga as fdtows: (1+r) = (l+iXl-t-^). ExiMUKfing the
<%ht-h»ri ade tkea suMiactii^ cme fnwi b<Ah ades, we g^ r == i-t-p+tp. ^Uowii^ ccMyeiMiaii,

are i^mred. Hie rtM of growth in wi^es is 4evtktptd in a siaittar faction.
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That relationship rests, in turn, on a relation between the productivity of real
capital and the productivity of labor.

Relationships among the real rate of interest, the marginal productivity of
labor, and the marginal productivity of real capital emerge from steady-state
equilibrium conditions of the economy. The marginal productivity of capital
is defined as T = mpxPo/PR (where mpsPo = capital's marginal revenue
product in constant prices, and PR = the price of capital).^ The productivity
of labor is defined as L = mpLPo/(W/i) (where mpLPp = labor's marginal
revenue product in constant prices, and W = the nominal wage for labor)."
Using K to denote the capital stock, N for the number employed and T to
denote the state of technology along with other factors affecting the
producti^^ process (e.g., natural resources and education), it is traditional to
assert that

(1) X = u(K,N,T)

M <"• 15 >»• I f >
(2) L = v(K,N,T)

In equilibrium, (mp^/Po/i) = PR ^ ^ mpLPo = W; hence,

(3) T = L = i.

Equation (1) says that the productivity of capital declines as additional units
of capital are added to an unchanged quantity of labor and an unchanged
state of technology. In contrast, capital becomes more productive as units of
labor are added and/or as technology improves. Equation (2) states that the
productivity of labor declines as additional units are added to an unchanged
capital stock, given a state of technology. But the productivity of labor
improves as a consequence of increases in the capital stock and/or
improvements in technology. Equation (3) is an assertion that, given the state
of technok>gy, adjustmoits occur in the capital stock and in the quantity of
labor untU th^e is equdity among t te margimd productivity of capitd, the
marginal prodiu:tivity of labor and the real rate of interest.

The flow of real inv^tnwnt is given, ceteris paribus, by the real rate of
inter^t, i. Assumptions ^garding the pace of steady-state growth

ably specified in terms of - | ^ and - ^ have impliattions, at length, for the
oT Ol

mtdC is a |riiy»cml qiuoitity; miAqpliatticm by Po omiynts the marginal pmditcx into dollar
terms (i.e., iitto maisiiMl reweoae i^odiKt). What we are reforing U> as die marginal iHt>ductivity
of capital is dw ratio betwtm its margfiail feveniK proiaet (m cmutaot i»ices) and its own price.

'•Hie mmmd wi^e, wUch is paM pertoc&adly, is (ttvidecl by i in mier to exptess the ^ice of
Ub(x as a present whie. W t t tUs coaveraon tt beeema maauagfa to make a comparison
between dK {wodwtivtoy of liAor and the prodoctivtty of oqxtal.
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flow of real investment mt of depredation and, hence, for the needed level of
i. The adjustments def l i^ in (1) and (2) continue until (3) obtains. Th«e
adjustments also bring about the steady-state relation between t aad i.

To assert a relationship between p and p is nurely to assert that expectations
are determined, at length, by experience. Thus, for example, it is plausible to
imagine that p is a weighted average of past changes in the price level. If so,
the means of p and p would be equal, but their variances would differ

As a point of departure, suppose that the economic system has equilibrium
properties that serve to drive r and g toward equality over long periods of
time.' At the beginning of a loss period the economy fmds itself with an
existing actual, or contemporaneous, differential, (r-g)t_o- ^ model is
specified such that the economy acts as though it compare its actual position
at t = 0 with its desired position, the equilibrium differential, at the end of
period k, (r - g), ̂  fc. Adjustments during t (from t = 0 to t = k), A(r - g)t, serve
to move the differential toward the desired position. The size of that
adjustment is given by X. These thoughts are imbedded in the familiar
stock-adjustment model as follows:"

(4)A(r-g). = X[(r-ig)^^^-(r-g),.o]-

Within the framework of the stock-adjustment model, X is t l^ portion of a
discrepancy between the economy's equilibrium and actual ( r -g) position to
be removed during t (0 < X £ 1). The more rapid the equilibriiun adjustment
the closer is X to 1.

Return on Dedicated Portfolios and Wage Growth

Equation (4) is specified in terms of contemporaneous variables. A
one-to-one mapping of adjustments relating to contemporaneous variables
onto adjustments in realized variables is not expected. Changes in
contemporaneous interest rates typically have two types of effects on yields of
dedicated portfolios. If interest rates decline, for example, there will be capital
gains (tending to increase the value of ibe dedicated portfolio); at the same
time, however, there will be reductions in tbe interest income on the portfolio
as reinvestment rates decline. Adjustments estimated below are affected by
how, on balance, interest rate shifts impact the realiz«l yield on dedicated
portfolios.

Using the stock-adjustment franwwork specified above, but moving away
from first difference of the dependent variable (i.e., adding (r"- g^t.o to lK)th
sides of tlie equation), (4) is rewrittoi as

(5)(r'-A-k

'In pcm& of fKt we do uM offa this as a theoretical matter. But as an em{Hrical matt0 ovtr
the potods we aiul otliars hsve iaves^ated, the (r-g) (Hfferaitid has been amntndauady zoro.

'For discum<», «ee (3, pp. 217-221] and [S, i^. 360-364].
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where f = realized yield on dedicated portfolios during period between t = 0
and t = k; g' = realized rate of wages growth during period between t = 0 and
t = k; (r'-gO,=k = realized differential; (r'-gOt==o = contemporaneous
differential;'' X' = coefficient of adjustment for dedicated portfolios; and k =
length of period.

Recasting (5) into a regression format, it is specified that

(6)(r'-gOt=k = ao + ai(r'-gOt=o+et

where a^ = XXr'-g'),^^; a, = O-XO; and e = a stochastic term.

The adjustment coefficient, X'(X'= 1 - a j ) , measures the extent to which the
initial or contemporaneous differential (i.e., (r'-gOt=o) is eroded during the
period of adjustment defined by k. Thus, for example, if a, were .25 it would
mean that X' would be .75. In turn, this would imply that 75 percent of any
discrepancy between (r '-g'),^^ (i-C-. an equilibrium (r'-gO for a period of k
years) and the initial position would be removed by the end of k years.

Data

A data set of artificial experience with dedicated portfolios was developed
for the 1953 through 1988 period. The data problem involved identifying the
endowment required in a dedicated portfolio at t = 0 to provide exactly for the
earnings stream of the average U.S. worker over alternative time periods.
Given that initial endowment with the initial annual wages and the ex post
growth in wages (gO over the time period, it was possible to solve for the
implied ex post return (rO on each dedicated portfolio. With these data it was
possible to calculate (r'-gO, the ex post or realized differential between the
discount rate and the growth rate.

The input data for the identification of dedicated portfolios consisted of
interest rates on various maturities of U.S. Treasury securities and rates of
growth in wages for the 1953 through 1988 period. Dedicated portfolios were
constructed, alternatively, of one-year, five-year, ten-year, and 20-year U.S.
Treasury securities. Each portfolio consisted wholly, at least initially, of
securities of a specific maturity; as time passed, any additions to the portfolio
consisted of securities of that same maturity, or the longest maturity within
the remainder of the loss period.

Remits

Regressions were fitted to data consisting of differentials between ex post
yields of dedicated portfolios of alternative composition and ex post rates of
wages growth, and differentials between contemporaneous interest ra t^ and
growth rates of wag». Each r^ression with a givoi type of d«licated
portfolio contained all loss pericxl of k length. Alternative time periods of

terms of actaal measuremett, the reaHzed Mttaaxdal at time xao, (r'-g%.ot
at time zero.
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N > r > i ^ ^ . / - . . • n O J < S < S t ~ ; O M ^

" S S 'c j -d . ' c i S . CiS
ij sf p s 5 K s s a F̂  Q

8

OO <*^ 5 S S S
»•< oo - ^

I

I i

II

1

g

I



536 7%e Journal of Risk and Insurance

investigation, defined by k, included loss periods of five, ten, IS, and 20
years.« Results are shown in Tkble 1. Chief interest attaches to estimates of a,,
for these estimates permit tte determination of tte size of the adjustment
coeffident (X' = 1 - a,). Tte specification of tte equilibrium differential is
neglected; tence, its average effect ends up in the constant term. To
compensate for tte misspecification, various autocorrelation adjustments are
used. The order of the adjustments is shown as a superscript on the
Durbin-Watson statistic for each regression.'

According to the estimates in which 0 < £] 2 1 during loss periods of k
length, the economy operated in such a fashion that dedicated portfolios were
driven from 6.4 percent (for ten-year loss period and ten-year securities) to
89.3 percent (for 15-year loss period and one-year securities) of the way
tow^u'd their equilibrium values. In several instances (with five-year, ten-year
and 20-year securities for five-year loss periods) there vrere significant
estimates of X' that were negative. The adjustment periods are restated in terms
of what they imply about the length of time required to achieve 95 percent
closure of any discrepancy between an initial position, (r'-gOt_o»

position, (x'-^y^^. Those data are shown in Table 2.

Ikbk 2: Estimates of Adjustment Periods

Dcdeatod Poitf <«os
CoubtiBgof:

1-Year Securities
5-Year Securities

10-Year Securities
^ Y e a r Securities

NiiBber of Yean to EqaObriui*

5 Yean

10.6
—
—

—

for Loss Periods of:

10 Yean

16.1
10.0**
10.0**
10.0**

15 Yean

20.1
42.5
47.5
46.9

2»Yean

29.6
32.2
47.9
35.2

*9S percent closure
**Adjustmait coefficient is not significantly £ffa-ent frcnn teto at 99 pocent cwifidence level.

Considering only coefficients that reach acceptabte Uftth of statistical
significance, data in Ikble 2 indicate that tte persistoice of tte effects of
differ«itials dqpends upon tte composition of tte dedicated portfolio. With
pcHtfc^os consisting of oiw-year securiti^, the initial differentials are
substantially removed during the loss pmods. For example, for a 15-ycar loss
period tte estimate of 1 - X' is .107, nuaning that by the end of 15 years only
10.7 percent of tte discrepancy would remain; to achieve 95 percott demure

a deta&d Hiaxmtm of the estimtfkm of the ^ - g ^ realized diffe»mials, see 2, 0^.
277-278).

'The Durbin-IKtostm statistic is a measure of first-OTda- antoctHT^Ana. Tbe resofts {Hesented
here embody data with K-|>erk»d l a ^ IMe ixcsunie that mocM mi^iecifia^m extrads tlff(»^iout
the K-̂ wikids, and (k> not reaUy iaxw whettm the «doc(8T«fattk» adju îMBte ̂ nceeds in Cndng
tbe co^&kftt entiiwates tiom tbe mbd^vous ccmseqiiiaices of ttat oiiqjed&adon.
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requires 20.1 years. >" But with dedicated portfolios consisting of longer-t«9in
securities, the effects of pre-existing differentials continue to be prominent
throughout the loss periods.

The estimates of (1 - XO for the five-year loss periods are larger than one
with dedicated portfolios consisting of securities with maturities equal to or
greater than five years. Such estimates imply that X' < 0, indicating that the
adjustment process enlarges upon any initial discrepancy. Results such as
these are inconsist«at with the stock-adjustment framework. For, as indicated,
a dominant feature of the stock-adjustment model is that the initial position
of the dq)endent variable is driven toward some central position. >> No
adjustment periods are shown in Table 2 for a, > 1, although the common
sense meaning of such an estimate is that the differential at the beginning of
the l(»s period will persist throughout the period.

Up to this point attention has been directed toward the size and significance
of estimates of X'. The basic statistical question has been whether estimates of
X' differ significantly from zero. Now a somewhat different question is asked.
Nan^y, does knowledge of the contemporan^us differential at the begiiming
of a loss period permit the formation of a better estimate of the realized
differential than is provided by its mean?

Ota approach to addressing this question is to consider wlKther the
regression equations are of significant explanatory value. The R^ range from
a high of .98 to lows of .23. The mean R̂  of the 16 regressions is .62. Results
such as these s u g g ^ that the modd posse^es significant explanatory power.

Another approach to thinking about the predictive power of a regression
equation req\ures an analysis of the standard errors around the regression
line. For th^e purposes, realized differentials for 20-year loss periods are
considered, but with regressions fitted to data from one-yeu, five-year,
ten-year and 20-year s^urities. In Tkble 3 there is a display of realized
differentials corresponding to hypothetical initial contemporaneous differen-
tials ranging from 0 to 5 percent; also shown (in parentheses) are tltt standard
errors of realized differentials corresponding to alternative predicted values.

As an independent variabte departs from its mean there are increases in the
standard errors corresponding to those values.'^ For the matter at hand, if
contemporaneous differentials prevailing at the beginning of a loss period
depart markedly from their means there are substantial increases in the
staiulard orors of realized differentials from tlwir predicted valun. A review
of Ikbte 3 indicate; tlutt standard errors are so lar^ relative to tlK predicted
diffei^ttial that, in geiwrsU, the zero differential hypothesis canrK>t be
reject«i.

' ° % construction, full dosuR is uA attained until k ^ <». We linat the adjustment to 9SpCTcent
cktooe, kmmsi 5 percott of tlw initial (Uacr^aacy. We fiiul n as foltows: .05 - (1 -
(.107)»/«J; n/15 = 1.34042; a - 20.1 years.

" t iK ceotrai posbicm need not be a coiotant. Ratim, it may be fum:ti(»aUy rdattd
vanaUet.

"Kcff «&aHH(m see ai^ ttaadard A^Mics text. Bw examine, «n excdkat dbcuaskm » given in
P . pp.
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TMe 3: Predicted Realized (f-f) Differentials for Twenty-Year Loss Periods Given
Alternative Beginxiing-of-Period Contemporaneous (r —g)t=o Differentials

Dedicated Portfolio
CoBsistiBg of:

1-Year Securities

5-Year Securities

10-Year Securities

20-Year Securities

-.16
(.18)
-.44
(.39)
-.95
(.59)

-1.38
(.61)

1%

-.03
(.19)
-.28
(.41)
-.66
(.61)

-L20
(.63)

.10
(.20)
-.13
(.48)
-.38
(.66)

-1.02
(.69)

3%

.24
(.22)
.03

(.54)
-.09
(•73)
-.83
(.77)

rancoas uui
4W»

.37
(.24)
.18

(.61)
.19

(.82)
-.65
(.86)

icimuius

.50
(.27)
.34

(.61)
.48

(.92)
-.47
(.97)

Shown in parentheses are standard OTors of differentials around predictions.

Dedicated portfolios consisting of one-year securities are least-cost
portfolios." That is, these portfolios have the smallest negati^^ (r'-gO
differential or the largest positive (r'-gO differential. Consistently, their
realized differentials are larger than realized differentials corresponding to
dedicated portfolios consisting of longer-term Treasury securities (see Ihble
3).

None of the estimated realized differentials with dedicated portfolios
consisting of one-year securities falls beyond two standard deviations from
zero. With other portfolios, most of the predicted differentials falls within one
standard error of zero. Only one predicted value, corresponding to a
beginning contemporaneous differential of zero, departs from zero with a 95
percent confidence level. But, as it turns out, that differential would create the
highest cost dedicated portfolio. In short, in just those circumstances in which
it would be most tempting to take the existing contemporaneous differential
into account—i.e., when the differential is large—the error terms associated
with it become prohibitive.'*

Condndiog Remarks

Hus article is addressed explicitly tcward a single issue. Namely, does the
contemporaneous (r-g) diffesrenti^ at titt beginning of a loss pmod provide
useful information regarding the realized (r'-g*) differmtial for the loss period
considered as a whole? There are two answers to that question: y^ and no. On

.S. Siiprane Court lecmtiy ruled that awards should be bated on the assumption that
plaintiffs will i n v ^ in tiK " . . . best and sait& iBvestmatU . . . {and A M ] . , . the discomtt rtfe
should not reflect the market's {nranium for investors who are wilHi% to accqit some risk of
default." (4. P- ^ ! ^ .

"TUs finding may eiq>iain why the ( r - g ) diffnottials emiA^ed in (teflned-ben^
ld»is have aot. cm awns^, increased t^nffliamly (fairaig the decade of tbe d ^ e s . See (6|
year-^-year data idatta^ to the (r-^ differ«itiais used by idoBeA-kteoi:^ penaon {rians.
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the one hand, most of the regression tests showed that the regression
coeffident attached to the (r-g),^o differential was statistically significant.
The larger the contemporaneous differential at the begimung of the loss
period, the larger the realized differential. For most of the tests, estimates of
1-X' were less than one and greater than zero, consistent with the
stock-adjustment framework. On the other hand, predictions made on the
basis of knowledge of the contemporaneous differential are not particularly
valuable. They are not better than are provided by knowledge of the mean.

The article also provides insights into other issues. It reinforces views
relating to the equilibrating properties of the economy, and it provides
practical advice r^arding the appropriate (r'-g*) differential for valuation
purposes. The appropriate differential is approximately zero unless the loss
period is very short.
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